We investigate the constraints on the anomalous WWH couplings through the process e − γ → 
I. INTRODUCTION
The Standard model (SM) of particle physics has been proven to be successful in the energy scale of the present colliders. Experimental results obtained from recent experiments at CERN LEP and Fermilab Tevatron confirm the SU(3) C × SU(2) L × U(1) Y gauge structure of SM. However, the Higgs boson which is crucial for electroweak symmetry breaking and mass generation has not been observed, and one of the main goals of future experiments is to pursue its trace. Although the exact value of the Higgs mass is unknown there are experimental bounds for it. Direct searches from ALEPH, DELPHI, L3, and OPAL collaborations at CERN LEP provide a lower bound on the Higgs mass of m H > 114. 4 GeV [1] . Indirect experimental bounds for the Higgs mass are obtained from fits to precision measurements of electroweak observables. The current best fit value sets an upper bound of m H < 186 GeV
If a Higgs boson is detected at future TeV scale colliders, it will be crucial to test its couplings to the SM particles. Precision measurements of Higgs couplings may give us some hints for new physics beyond the SM. It is argued that CERN LHC has a potential to search for the Higgs boson in the entire mass range allowed. In case it is found at CERN LHC, precision measurements of its couplings to the SM particles can be obtained at future linear e + e − colliders. After linear e + e − colliders are constructed its operating modes of eγ and γγ are expected to be designed [3] . A real gamma beam is obtained through Compton backscattering of laser light off the linear electron beam where most of the photons are produced at the high energy region. The luminosities for eγ and γγ collisions turn out to be of the same order as the one for e + e − [4] , so the cross sections for photoproduction processes with real photons are considerably larger than the virtual photon case. Polarizability of the real gamma beam is an additional advantage for polarized beam experiments. Therefore eγ and γγ collisions should be discussed as complementary to e + e − collisions.
In this work we analyzed the anomalous WWH vertex in the eγ collision. We consider the process e − γ → ν e W − H. This process isolates the WWH vertex and gives us the opportunity to study the WWH vertex independent from ZZH. On the other hand in e + e − collisions, observables depending on WWH also receive contributions from the ZZH and it is very difficult to dissociate WWH from ZZH [5] .
Anomalous WWH couplings can be investigated in a model independent way by means of the effective Lagrangian approach [5, 6, 7, 8] . In writing effective operators we employ the formalism of [5, 8] . Imposing Lorentz invariance and gauge invariance and retaining up to dimension six operators in the effective Lagrangian, the most general coupling structure is expressed as,
with
where k µ 1 and k µ 2 represent the momentum of two W or Z boson (V=W, Z). For a convention we assume that all the momenta are outgoing from the vertex. Within the standard model at tree level, the couplings are given by a V = 1, b V = 0, and β V = 0.
In the literature there have been several studies for anomalous WWH couplings. The LHC will start operating soon. Anomalous gauge couplings of the Higgs boson have been studied at the LHC via the weak-boson scattering [9] and vector boson fusion [10] processes.
There has been a great amount of work on anomalous WWH couplings which focus on the future linear e + e − collider and its eγ and γγ modes. Anomalous WWH couplings have been analyzed through the processes e + e − → ffH [5, 7] The anomalous cross sections are quadratic functions of the anomalous parameters α j (j = 1, 2, ...) i.e.,
where σ SM is the SM cross section, σ j int is the interference term between the SM and the anomalous contribution, and σ j ano and σ j i ano are the pure anomalous contributions. In Ref. [8] authors ignore quadratic anomalous coupling terms in the cross section calculations; they retain contributions only up to the lowest nontrivial order, i.e. α j σ j int . This is reasonable due to the higher dimensional nature of their origin. On the other hand, these quadratic terms generally have a higher momentum dependence than linear terms and may have a significant contribution at high energies. For example, in the anomalous WWH vertex (1) than the contribution of σ j int as the energy increases and approaches NPS. Therefore these quadratic anomalous contributions should be considered at high energy processes. We will consider all anomalous terms in our tree-level cross section calculations.
As in Ref. [8] , we take into account initial electron and photon polarizations before Compton backscattering. Furthermore we take into account initial electron beam polarization which takes part in the subprocess and also the final state polarizations of W boson.
We will show that these polarization configurations which have not been considered in Ref.
[8] lead to a significant amount of improvement in the sensitivity limits.
II. POLARIZED CROSS SECTIONS
The process e − γ → ν e W − H takes part as a subprocess in the e + e − collision. A real gamma beam which enters the subprocess is obtained through Compton backscattering of laser light off linear electron or positron beam.
The spectrum of backscattered photons in connection with helicities of initial laser photon and electron is given by [4] 
where
Here r = y/[ζ(1 − y)] and ζ = 4E e E 0 /M 2 e . E 0 and λ 0 are the energy and the helicity of the initial laser photon and E e and λ e are the energy and the helicity of the initial electron beam before Compton backscattering. y is the fraction which represents the ratio between the scattered photon and initial electron energy for the backscattered photons moving along the initial electron direction. The maximum value of y reaches 0.83 when ζ = 4.8 in which the backscattered photon energy is maximized without spoiling the luminosity.
Backscattered photons are not in fixed helicity states. Their helicities are described by a distribution :
The helicity dependent differential cross section for the subprocess can be connected to initial laser photon helicity λ 0 and initial electron beam polarization P e through the formula
Here dσ(λ γ , σ; λ W ) is the helicity dependent differential cross section in the helicity eigenstates; σ : L, R, λ γ = +, − and λ W = +, −, 0. It should be noted that P e and λ e refer to different beams. P e is the electron beam polarization which enters the subprocess but λ e is the polarization of initial electron beam before Compton backscattering.
The integrated cross section over the backscattered photon spectrum is
The process e − γ → ν e W − H is described by three tree-level diagrams (Fig.1) . Each of the diagrams contains an anomalous WWH vertex. The helicity amplitudes have been calculated using vertex amplitude techniques derived in Ref. [13] and the phase space integrations have been performed by GRACE [14] which uses a Monte Carlo routine.
In our calculations we choose to work with a Higgs boson of mass 120 GeV which is compatible with current mass bounds. We accept that initial electron beam polarizability is |λ e |, |P e |=0.8. To see the influence of initial beam polarization, energy distribution of backscattered photons f γ/e is plotted for λ e λ 0 =0, -0.8, and +0.8 in Fig.2 . We see from the figure that backscattered photon distribution is very low at high energies in λ e λ 0 =+0.8.
Therefore we will only consider the case λ e λ 0 < 0 in the cross section calculations.
One can see from Figs.3-5 the influence of the initial state polarizations on the deviations of the total cross sections from their SM value. In Fig.3 initial polarization configurations (λ e , λ 0 , P e ) = (+0.8, −1, ∓0.8) are omitted since they coincide with (λ e , λ 0 , P e ) = (−0.8, +1, ∓0.8). We see from Figs. 3-5 that cross section is very sensitive to P e . This is reasonable due to V −A structure of the W eν e vertex in the Feynman diagrams. Deviation of the cross section from its SM value reaches its maximum at the (λ e , λ 0 , P e ) = (−0. 
III. LIMITS ON THE ANOMALOUS COUPLING PARAMETERS
For a concrete result we have obtained 95% C. [16] .
Limits on the anomalous WWH couplings are given in Tables I and II for various initial and final polarization configurations. In the tables, (λ 0 , λ e , P e ) = (0, 0, 0) is for unpolarized initial beams and TR+LO represents the unpolarized W boson. We take into account (λ 0 , λ e , P e ) = (+1, −0.8, −0.8) initial polarization configuration which gives the largest deviation from the SM (Figs. 3-5 ). It can be seen from Fig.10 that deviation of the differential cross section from its SM value is larger in the negative interval of cos θ H . So we impose a restriction cos θ H < 0 on the longitudinal polarization configuration to improve the limits.
We represent these restricted limits with a superscript " * ". We see from Table I Anomalous couplings were studied in [8] through the same process e − γ → ν e W − H at the linear order of anomalous couplings and √ s = 0.5 TeV energy. Authors took into account initial electron and photon polarizations (λ e and λ 0 ) before Compton backscattering but they neglected initial electron beam polarization (P e ) and also the final state polarization.
Imposing same acceptance cuts, we have confirmed the results of [8] for all combinations of the initial polarizations λ e and λ 0 . The unpolarized cross section at the linear order and √ s = 0.5 TeV energy is given by
where ∆a W = a W −1 and coefficient of the parameter β W is zero at the linear order due toT invariance of the total cross section.T is the pseudo-time reversal transformation, one which reverses particle momenta and spins but does not interchange initial and final states. The term proportional to β W isT odd in the total cross section at the linear order. Therefore only the quadratic order terms for β W contribute to the cross section. In [8] authors imposed some cuts and restrict themselves to an appropriate part of the phase space in order to see the effects of β W . It is, however, irrelevant for our treatment since we have considered all anomalous terms in our calculations. Using cross section (9) authors set 3σ bounds on the anomalous coupling parameters ∆a W and b W with an integrated luminosity of 500 f b −1 . If we convert these bounds into 95% confidence level they are approximately |∆a W | < 0.026 and |b W | < 0.013. We see from Table II that the limit on ∆a W is very close to the limit at the linear order and quadratic order anomalous contribution leads to a slight improvement. On the other hand, different from the limits at the linear order, limits on b W are not symmetric.
The lower bound of b W is improved slightly but the upper bound get worse markedly. This is very compatible with Figs. 4 and 7 where we observe that minima of the unpolarized graphs shift a little to the right.
In conclusion, polarization leads to a considerable improvement on the upper bound of the anomalous parameter b W . It improves both upper and lower bounds of β W . Although the SM cross sections in the longitudinal polarization configuration of the final W are small, sensitivity limits are better than the transverse polarization case. As mentioned in [5, 7] the process e − e + → ννH can be a good probe to measure the WWH coupling at high energies.
The disadvantage of e − e + → ννH is that it also receive contributions from the ZZH vertex and with the final neutrinos being invisible this process has too few observables associated with it. This makes it very difficult to dissociate WWH from ZZH [5] . 
